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APPARATUS AND METHOD FOR DIRECI‘ING 
CALLS TO MOBILE STATION SUBSCRIBERS 

This is a continuation of application Ser. 
No.07/765,487, ?led Sep. 25, 1991, now abandoned, 
which is a continuation of application Ser. No. 
07/515,836, ?led Apr. 27, 1990, now abandoned. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is related to the US. patent applica 
tion entitled “MULTI-EXCHANGE PAGING SYS 
TEM FOR LOCATING A MOBILE TELEPHONE 
IN A WIDE AREA TELEPHONE NETWORK”, 
Ser. No. 07/5l6,l22 ?led on even date herewith and 
assigned to the assignee of the present invention, which 
application is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to communications 

systems having mobile subscribers and, more particu 
larly, to a method for routing calls to such mobile sub 
scribers. 

2. History of The Prior Art 
In certain communications systems, such as in some 

radiotelephone systems, the entire service area of a 
system is divided into a number of local service areas or 
exchanges. In each local area, radio access units are 
located at one or more key points to establish radio links 
between mobile subscribers and mobile switching cen 
ters. Each mobile subscriber is permanently assigned a 
unique telephone number recognized by the public 
switched network. Thus, calls to a particular mobile 
subscriber are routed to an interrogation exchange 
which consults the home exchange of that particular 
subscriber to obtain information regarding where the 
call should be routed in order to reach the mobile sub 
scriber. If the mobile subscriber cannot be reached at 
the location to which the call was routed the call is lost 
and the resources of the communications network have 
been occupied unnecessarily. 
Although there are no known prior art teachings of a 

solution to the aforementioned de?ciencies and short 
comings of prior art mobile communications systems, a 
number of prior art references exist that discuss subject 
matter that relates to the subject matter of the present 
application. Exemplary of such prior art references are 
US. Pat. Nos. 4,228,319, 4,612,415, 4,748,655, 
4,794,635, 4,833,701, and 4,833,702. Each of these refer 
ences is discussed brie?y below. 

U.S. Patent No. 4,228,319 to De Jager et al. relates to 
an automatic mobile subscriber system. De J ager et al. 
teach stationary stations which repeatedly transmit 
through their cell channel a channel number of a free 
duplex speech channel which is stored in memory in 
mobile stations receiving the call channel. De Jager et 
al. also teach use of the stored channel number for auto 
matically selecting the free duplex speech channel in 
response to a connection set-up command. 
US. Pat. No. 4,612,415 to Zdunek et a1. relates to a 

method and means for controlling telephone intercon 
nect traffic in a trunked radio system. Zdunek et al. 
teach continuously monitoring all types of communica~ 
tion traffic on the system and, in response to an increas 
ing dispatch access delay, reserving certain repeaters 
for dispatch use only during a predetermined period. 
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2 
Zdunek et al. also teach a system in which the number 
of simultaneous telephone interconnect calls permitted 
on the system during the predetermined period is dy 
namically altered in response to system loading. Still 
further, Zdunek et al. teach establishment of a variable, 
periodically updated, maximum interconnect call length 
based on the current system dispatch access delay. 
US Pat. No. 4,748,655 to Thrower et a1. relates to 

portable telephones. According to the teachings of 
Thrower et al., a personal portable telephone allows a 
user access to a cellular radio network via a number of 
different gateways including a communal unit, a user’s 
mobile telephone set, a home telephone or an office 
PABX. The telephone can also be used as a paging unit 
for use within the cellular radio network. The commu 
nal radio unit is a multi-channel arrangement capable of 
servicing a large number of personal telephones within 
its service area which is small compared to that of a 
normal cellular radio cell. The communal units may be 
transportable and located in public -areas such as rail 
way stations, airports and on trains or coaches. The 
telephone automatically transmits its identi?cation 
number to a gateway when it enters its service area 
enabling the subscriber to be accessed by callers with 
out knowing his whereabouts. 
US. Pat. No. 4,794,635 to Hess teaches a two-way 

radio communication system having a limited number 
of channels which assigns calls according to a max 
minimum method. Hess’ method also ascertains the type 
of call, handoff or ?rst assignment, and assigns a server 
with a given central controller to a channel frequency 
within the requestor sector that minimizes interference 
to present users. In a second embodiment of his method, 
Hess teaches requesting assignment to a limited number 
of channels to reduce adjacent channel interference to 
and from the requestor with respect to present users 
operating on a system by utilizing one or more thresh 
olds to arrange channel assignments based upon pro 
gressively larger or smaller values of received signal 
strength. 
US. Pat. No. 4,833,701 to Comroe et a1. relates to a 

trunked communications system with nationwide roam 
ing capability. According to the teachings of Comroe et 
al., selected regional trunking systems are equipped 
with telephone interchange capability and provided 
with local computers, which communicate with a na 
tional hub computer. At each selected trunking system,’ 
several ID’s are reserved as “roaming ID’s” to be tem 
porarily assigned to roaming subscribers. When a sub 
scriber determines that he has roamed into a new trunk 
system, he requests a roaming ID. A roaming ID is 
assigned and transmitted to the subscriber, which there 
after operates within the new trunked system using its 
roaming ID. The roaming assignment is also transmitted 
to the national hub computer so that interconnect calls 
may be properly forwarded. The roaming subscriber 
continues to operate under the assigned roaming ID 
until it roams out of range of the current system and into 
yet another trunked system'ln this way, the subscriber 
may roam from system to system. 
US. Pat. No. 4,833,702 to Shitara et al. relates to 

telephone registration and cancellation control in a 
wide area cordless telephone system. Speci?cally, 
Skitara et al. teach a method for making a registration of 
a roaming cordless telephone in one of a plurality of 
local service areas and cancelling the registration. 
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SUMMARY OF THE INVENTION 

In order to overcome the de?ciencies and shortcom 
ings of the prior art discussed above, the present inven 
tion, in one aspect thereof, provides a mobile communi 
cations system in which the home exchange of a mobile 
subscriber maintains information indicative of where 
the subscriber might be found. The home exchange 
receives a request to locate a speci?c subscriber for the 
completion of a call to it. In order to route an incoming 
call, to the exchange where the subscriber is currently 
located, the home exchange explicitly locates the mo 
bile subscriber before answering the request. The term 
“explicitly locate”, as used herein, means that the mo 
bile is paged and a response is received from the mobile. 
It may further imply that a designation order for a spe 
ci?c voice channel has been sent to the mobile and a 
con?rmation to the voice channel designation has been 
received from the mobile. The process of performing 
routing only after explicitly locating the called sub 
scriber is a radically new concept to telephony, greatly 
increasing the success rate of calls to mobile subscribers 
and reducing the unproductive use of costly network 
resources. 

In one aspect of the present invention there is a mo 
bile communications system in which at least one mo 
bile station may roam. The system includes a home 
exchange of the at least one mobile station and at least 
one visited exchange having a coverage area in which 
the mobile station may roam. An interrogation ex 
change receives incoming calls for the mobile station 
and requests information from the home exchange as to 
where to route the incoming call. Before returning this 
information to the interrogating exchange, the home 
exchange requests the exchange where the mobile is 
believed to be currently located to page the mobile. The 
paging exchange then pages the mobile in an area where 
the mobile may possibly be found, this area is not neces 
sarily de?ned by or restricted to the boundaries of the 
paging exchange. Upon reception of a page response 
from the paged mobile, and after possible voice channel 
designation, the location of the mobile is reported to the 
home exchange. The home exchange then informs the 
interrogation exchange of the mobile’s location for rout— 
ing and completion of the call. 

In another aspect of the invention, the page response 
of a mobile need not be received in the actual paging 
exchange in order to explicitly locate the mobile. Any 
exchange which can determine the mobile subscribers 
home exchange can inform the home exchange that a 
page response has been received from the mobile and 
that the mobile has been con?rmed on a voice channel 
and is awaiting the completion of an incoming call. 

In a still further aspect of the invention, the home 
exchange need not be an exchange at all, but instead a 
memory for storing subscriber data such as a home 
location register (HLR). 
As a note, interrogation exchange is logically sepa— 

rate from the home and/or visited exchanges but may 
physically be the same entity. 

In still another aspect of the invention, a mobile com 
munications system includes at least one mobile sub 
scriber, a home exchange associated with the mobile 
subscriber and one or more additional exchanges within 
which the mobile subscriber may be presently located. 
There is also means within the home exchange or within 
a home location register for maintaining information 
relating to the exchange within which the mobile sub 
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4 
scriber may also be located. A paging means is respon 
sive to initiation of a call directed to the mobile sub 
scriber and selectively pages the mobile subscriber in 
the registered exchange and possibly one or more addi 
tional exchanges. A reporting means is responsive to the 
paging means and determines the present exchange 
within which the mobile subscriber is presently located 
and reports that present exchange to the home ex 
change. A routing means is contained within the regis 
tered exchange and is responsive to the reporting means 
for routing the call to the mobile subscriber within the 
reported present exchange. 
An object of the present invention is to more ef? 

ciently and more accurately route incoming calls to 
mobile subscribers. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and for further objects and advantages 
thereof, reference may now be had to the accompany 
ing description taken in conjunction with the accompa 
nying drawings in which: 
FIG. 1 is a block diagram of a prior art “route ?rst 

page later” system of call routing for automatic roam 
ers; 
FIG. 2 is a block diagram of a routing system accord 

ing to the teachings of the present invention; 
FIG. 3 is a block diagram illustrating extended area 

paging in a routing system according to the teachings of 
the present invention; and 
FIG. 4 is a block diagram illustrating reception of a 

page response in a non-paging exchange in a routing 
system according to the teachings of the present inven 
tion; and, 
FIG. 5 is a ?ow diagram depicting the steps of a 

method employed in the present invention. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a prior art “Route First - 
Page Later” call roaming system is shown therein. In 
such a system, an incoming call from the PSTN 2 is 
routed to an interrogation exchange 4 via a voice line 6. 
Part of the information transmitted from the PSTN to 
the interrogation exchange 4 is information regarding‘ 
the identity (the “B-number”) of the callee (the “B-sub 
scriber”); as opposed to the caller (the “A-subscriber”). 
From the B-number, the interrogation exchange 4 de 
termines the B-subscriber’s home exchange 8 and, via 
signalling line 10, the interrogation exchange 4 asks the 
home exchange 8 for a routing/roaming number. If the 
subscriber is roaming, e. g., in the area served by visited 
exchange 14 in FIG. 1, the visited exchange 14 is asked 
for a routing number by the home exchange 8 via signal 
ling line 16. This routing number is then returned to the 
home exchange 8 via signalling line 18. The routing 
number is passed from the home exchange 8 to the 
interrogation exchange 4 (as indicated by signalling line 
20) which thereafter routes the call to the visited ex 
change 14 (possibly through the PSTN as shown). 
When the visited exchange 14 receives the incoming 
call, paging of the mobile 12 is started. 

If the mobile station 12 does not reply with a page 
response, or if there are no available voice channels or 
the subscriber is busy and does not have “call waiting”, 
the routing and use of voice lines from the interrogation 
exchange to the visited exchange has been in vain. The 
call failure information could have been indicated to the 
A-subscriber from the interrogation exchange 4 instead, 
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with a substantial savings in transmission costs between 
the interrogation and the visited exchange. 

It should be appreciated that the above-described 
procedure incorporates the classical telephonic princi 
ple of “route ?rst-ring later” which is applicable in 
ordinary telephony when the subscriber is not more 
than a device at the end of a wire and ringing is not 
initiated before the call is routed. In mobile telephony, 
however, this principle is not a completely valid as 
sumption since there are several steps that must be taken 
after an incoming call is received and before ringing can 
start. Examples of these steps include paging of the 
mobile station and assignment of a voice channel to it. 

In the routing procedure incorporated into the pres 
ent invention, routing of a call does not take place be 
fore the mobile station is explicitly located and it is 
veri?ed that it can accept the call. This process is illus 
trated in FIG. 2. As with the case of the prior art “route 
?rst-page later” system described with reference to 
FIG. 1, in the routing system shown in FIG. 2, an in 
coming call from the PSTN is routed to an interroga 
tion exchange 4 via a voice line 6. The interrogation 
exchange 4 analyzes the B-number and asks the home 
exchange 8 for a routing/roaming number. If the sub 
scriber 12 is roaming, the visited exchange 14 is asked 
for a routing number. At this point, the routing system 
shown in FIG. 2 and the “route ?rst-page later” system 
shown in FIG. 1 begin to differ. The major change 
between the two systems is that when the visited ex 
change 14 gets a request for a roaming number, instead 
of immediately returning a roaming number to the 
home exchange 8, the visited exchange 14 starts to page 
the mobile station 12. In FIG. 2, this paging is indicated 
by the shaft and right head of double-headed arrow 21. 
If the visited exchange 14 succeeds in ?nding the mobile 
station 12 (said “?nding” indicated by the shaft and left 
head of double-headed arrow 21), and possibly putting 
it on a voice channel, this condition is reported back to 
the interrogation exchange 4 through the home ex 
change 8 and the process of routing the call to the vis 
ited exchange 14 starts over line 22. Otherwise, the fact 
that the call has failed and the reason for that failure is 
reported back to the home exchange 8 and suitable 
measures can then be taken, e.g. , “transfer on no 
reply”, “transfer on busy”, and so on. The interrogation 
exchange 4 is capable of providing necessary actions 
with respect to the incoming caller. 

If the mobile station 12 was located and placed on a 
voice channel and the call routed to the visited ex 
change 14, ringing is then initiated toward the mobile 
station 12. 
As those skilled in the art should appreciate, the 

scheme described immediately above and shown in 
FIG. 2 does not delay call setup. Rather, it allows a 
substantial savings in transmission costs between the 
interrogation exchange 4 and the visited exchange 14 
when there is no end use to be achieved in routing the 
call to the visited exchange 14. 
With the changed paging/ routing strategy set forth in 

connection with the system of FIG. 2, the home ex 
change 8 knows the outcome of the paging of the sub 
scriber 12 before call routing begins. If the outcome is 
negative, e.g. , the mobile station 12 does not respond to 
its page(s) within a preselected period of time or there 
are no available voice channels, the reason for the call 
failure is supplied to the interrogation exchange 4. This 
information is handled by the interrogation exchange 
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6 
directly, thereby reducing the overall cost of the call 
attempt by the cost of routing the incompleteable call. 

Referring to FIG. 3 the routing process shown in 
FIG. 2 is used but with the additional feature of ex 
tended area paging in which the visited exchange may 
inform another exchange to also page the mobile. 
Whichever exchange receives a page response from the 
mobile will inform the home exchange that the mobile 
has been explicitly located. The call is then routed to 
the mobile as described earlier. 

In this situation, the exchange which receives the 
page request determines, based on the last known loca 
tion of the mobile, what is the most desirable area to 
page. Such a paging area may or may not cover the 
entire area of this exchange. In addition, this desired 
paging area may also cover areas of bordering ex 
changes. If this is the case, then the exchanges control 
ling these extended paging areas must be informed to 
page the mobile. Referring to FIG. 3, the page request 
could be sent directly from V1 to V2. An alternative is 
for V1 to inform the home exchange that paging should 
also be performed in an extended paging area controlled 
by V2. The home exchange could then relay this order 
to V2, where paging could commence. 
The page requests for the extended paging areas 

could be initiated concurrently with the ongoing inter 
nal paging process, or the additional page requests 
could be initiated after the internal paging process is 
complete. If the extended paging area also covers more 
than one exchange, each page request could be sent in 
sequence or in parallel 
An additional benefit of the routing system of the 

present invention is illustrated in FIG. 4 which re?ects 
the possibility that a mobile which receives a page from 
the paging exchange can actually answer in a non-pag 
ing exchange. The exchange which receives the page 
response will order the mobile to tune to a voice chan 
nel. If the voice channel designation is con?rmed, the 
home exchange is then informed of the mobile’s loca 
tion and the incoming call is routed to the correct ex 
change, as described above. 
FIG. 4 illustrates a factor that should be considered in 

the routing system of the present invention which is 
unknown page response handling. Mobile stations re 
scanning into other exchanges at page response are 
commonly directed back into the exchange where the 
system believes they came from with the help of “di 
rected retry for unknown page response” routines. Such 
treatment is not optimal because of several reasons. 
First of all, it is the mobile station’s speci?ed right and 
duty to always send in its accesses on the strongest 
possible access channel, without taking such things as 
exchange borders into account. When a directed retry is 
sent beck to the mobile station, not only is the mobile 
station sent to a cell that it did not consider to be the 
best, but there is also a risk that the mobile station will 
be lost and the call opportunity lost at the same time. 
When the routing system of the present invention is in 

use, it is fairly straightforward to take better care of this 
type of mobile station access. Since the system knows 
that the responding mobile station has apparently been 
paged and it is possible from the mobile station number 
to ?gure out who is waiting for a page response, that is, 
the home exchange, the home exchange can be in 
formed that the mobile station is waiting on a voice 
channel. This process may be understood by reference 
again to FIG. 4. Assuming that a page is sent out from 
visited exchange V1 14, it is possible that the mobile 
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station 12 will receive the page but answer in another 
exchange, for example, visited exchange V2 24, and be ‘ 
put on a voice channel. At that point, visited exchange 
V2 24 forwards the location of the mobile to the home 
exchange 8 which informs the interrogation exchange 4 
which in turn routes the call to V2. Eventually, V1 will 
also inform the home exchange that the mobile has not 
answered the page in that exchange. The paging process 
for this particular mobile station has, however, already 
terminated (since it was located in V2) and the negative 
response from V1 is discarded. Such handling of un 
known page responses can supercede the “directed 
retry for unknown page response” handling within 
current systems. 
Another aspect of the present invention that should 

be considered is the handling of mobile stations during 
routing. Speci?cally, with respect to the handling of a 
mobile station after a page response, it should be under 
stood that an attempt to put the mobile station on a 
voice channel is made after an exchange has received a 
page response from the mobile station. There are sev 
eral reasons for this. First, one should not start to route 
the incoming call through the PSTN to an exchange 
that might have receiveda false access. If the mobile 
station turns up on a voice channel, the risk that the 
page response was a multiple access is reduced substan 
tially. A second reason is to allow for long call routing 
times. After the mobile station has sent in its page re 
sponse, it expects a response back from the system 
within 5 seconds. The possible responses can only be: 
(a) voice channel designation, (b) directed retry, or (c) 
release. One would not be able to successfully complete 
the call setup if the routing of the call takes longer than 
5 seconds and if nothing is done on the control channel. 
Therefore, it is proper to put the mobile station on a 
voice channel where it can be kept for an inde?nite 
length of time by sending frequent messages. 

Obviously, numerous modi?cations and variations 
are possible in view of the above teachings. Accord 
ingly, within the scope of the appended claims, the 
invention may be practiced otherwise than speci?cally 
described herein. 
What is claimed is: 
1. In a mobile communication system having a plural 

ity of exchanges within which at least one mobile sta~ 
tion may roam and which are connected with one an 
other by PSTN lines, a method for routing an incoming 
call from an interrogation exchange to the called mobile 
station, comprising: 

obtaining information as to the anticipated location of 
the mobile station; 

paging the called mobile station in at least one of a 
plurality of locations based upon said anticipated 
location information in response to the receipt of an 
incoming call for said mobile station by said inter 
rogation exchange; 

receiving a page response from the paged mobile 
station at one of said plurality of locations; 

designating to said mobile a voice channel to which 
to tune at said one of said plurality of locations in 
response to receiving a page response from the 
paged mobile; 

sending information identifying the explicit location 
of the called and waiting mobile to the interroga 
tion exchange via said private data lines in response 
to receiving an indication at said one of said plural 
ity of locations that said mobile has tuned to he 
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designated voice channel and is waiting on said 
voice channel; and 

routing the call for said mobile via said PSTN com» 
munications lines from said interrogation exchange 
to the exchange in which said mobile station is 
located and waiting on a voice channel in response 
to receipt of information identifying the explicit 
location of said mobile. 

2. A mobile communications system comprising: 
at least one mobile station; 
a home exchange associated with said at least one 

mobile station; 
one or more additional exchanges within which said 

at least one mobile station may be presently lo 
cated; 

means for maintaining information indicative of 
where said at least one mobile station may be lo 

cated; 
private data lines connecting said home and one or 
more additional exchanges for passing signals 
therebetween; 

PSTN communications lines connecting said ex 
changes; 

paging means, responsive to receipt of a call by an 
interrogation exchange directed to said at least one 
mobile station, for selectively paging said at least 
one mobile station in at least one of a plurality of 
locations in said home exchange and said one or 
more additional exchanges; 

means at each of said plurality of locations for receiv 
ing a page response from the paged mobile station; 

means at each of said plurality of locations and re 
sponsive to receiving a page response from the 
paged mobile for designating to said mobile a voice 
channel to which to tune; 

means responsive to receiving an indication at one of 
said plurality of locations that said mobile has 
tuned to the designated voice channel and is wait 
ing on said voice channel, for sending information 
identifying the explicit location of the called and 
waiting mobile to the interrogation exchange via 
said private data lines; and 

means responsive to receipt of information identify 
ing the explicit location of said mobile for routing 
the call for said mobile via said PSTN communica 
tions lines from said interrogation exchange to the 
exchange in which said mobile station is located 
and waiting on a voice channel. 

3. A mobile communication system as set forth in 
claim 2, also including: 
means responsive to a failure to identify the explicit 

location of said at least one mobile for notifying the 
calling party of failure of the call. 

4. In a mobile communication system having a plural 
ity of exchanges within which at least one mobile sta 
tion may roam and which are connected with one an— 
other by both private data lines for passing signals 
therebetween and PSTN communications lines, a 
method for routing an incoming call from an interroga 
tion exchange to the called mobile station, comprising: 

obtaining information as to the anticipated location of 
the mobile station; 

paging the called mobile station in at least one of a 
plurality of locations based upon said anticipated 
location information in response to the receipt of an 
incoming call for said mobile station by said inter 
rogation exchange; 
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receiving a page response from the paged mobile 

station at one of said plurality of locations; 
designating to said mobile a voice channel to which 

to tune at said one of said plurality of locations in 
response to receiving a page response from the 
paged mobile; 

sending information identifying the explicit location 
of the called and waiting mobile to the interroga 
tion exchange via said private data lines in response 
to receiving an indication at said one of said plural 
ity of locations that said mobile has tuned to the 
designated voice channel and is waiting on said 
voice channel; and 

routing the call for said mobile via said PSTN com 
munications lines from said interrogation exchange 
to the exchange in which said mobile station is 
located and waiting on a voice channel in response 
to receipt of information identifying the explicit 
location of said mobile. 

5. A method for call routing as set forth in claim 4 
wherein said anticipated location information is ob 
tained from the home exchange of the called mobile 
station via said private data lines. 

6. A method for call routing as set forth in claim 4 
wherein said anticipated location information is ob 
tained from a home location register. 

7. In a telecommunications network comprising a ?rst 
exchange connected to the public switched telephone 
network (PSTN), and a second exchange connected to 
a plurality of base stations having radio coverage areas 
in which a remote station is capable of receiving com 
munication signals from said base stations, a method of 
routing communication signals from said PSTN to said 
remote station, said method comprising the steps of: 

receiving at said ?rst exchange a communication 
signal directed to said’remote station; 

requesting said second exchange to provide a routing 
number for use in routing said communication sig 
nal from said ?rst exchange to said second ex 
change; 

paging said remote station in at least one of said radio 
coverage areas; 

detecting at said second exchange a page response 
transmitted from said remote station; 

transmitting a channel assignment to said remote 
station after detection of said page response; 

detecting at said second exchange a channel acknowl 
egement transmitted from said remote station; 

transmitting, in response to the detection of either 
said page response or said channel acknowledg 
ment, said routing number from said second ex 
change to said ?rst exchange; and 

routing said communication signal from said ?rst 
exchange to said second exchange using said rout 
ing number. 

8. The method of claim 7 wherein said communica 
tion signal received at said ?rst exchange is a telephone 
call. 

9. The method of claim 7 wherein said communica 
tion signal is routed through the PSTN. 

10. The method of claim 7 wherein: 
said telecommunications network is a cellular radio 
network further comprising a third exchange; 

said ?rst exchange is an interrogation exchange; 
said second exchange is a visited exchange; 
said third exchange is a home exchange; and 
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10 
said remote station is a mobile station associated with 

said home exchange and being served by said vis 
ited exchange. 

11. The method of claim 10 wherein said interroga 
tion exchange requests said home exchange to provide 
said routing number and said home exchange, in turn, 
requests said visited exchange to provide said routing 
number. 

12. A radio communications network comprising: 
a mobile station; 
a home exchange associated with said mobile station; 
a ?rst visited exchange having a radio coverage area 

in which said mobile station can roam; 
an interrogation exchange connected to the public 

switched telephone network (PSTN); 
wherein said home exchange includes: 
means for identifying the exchange location of said 

mobile station; and 
means for communicating with said visited and 

interrogation exchanges; 
wherein said interrogation exchange includes: 
means for receiving from said PSTN a call to said 

mobile station; 
means for sending a request to said home exchange 

to provide a routing number for use in routing 
said call to said mobile station; 

means for receiving said routing number from said 
home exchange; and 

means for routing said call to said mobile station 
using said routing number; 

wherein said ?rst visited exchange includes: 
means for receiving a request from said home ex 
change to provide said routing number; 

means for sending a page to said mobile station 
upon the receipt of said routing number request 
from said home exchange; 

means for detecting a page response from said mo 
bile station; 

means for sending a ?rst channel designation to 
said mobile station upon the detection of said 
page response; 

means for detecting a ?rst channel con?rmation 
from said mobile station; and 

means for sending to said home exchange a ?rst 
routing number corresponding to said first vis 
ited exchange upon the detection of either said 
page response or said ?rst channel con?rmation. 

13. The network of claim 12 wherein said ?rst visited 
exchange further includes means for requesting at least 
one other exchange to page said mobile station. 

14. The network of claim 12 further comprising a 
second visited exchange which includes: 
means for detecting said page response from said 

mobile station; 
means for sending a second channel designation to 

said mobile station upon the detection of said page 
response; 

means for detecting a second channel con?rmation 
from said mobile station; and 

means for sending to said home exchange a second 
routing number corresponding to said second vis 
ited exchange upon the detection of said second 
channel con?rmation. 

15. In a cellular radio network comprising a ?rst 
exchange connected to the public switched telephone 
network (PSTN), and second and third exchanges each 
having a radio coverage area in which a mobile station 
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may roam, a method for routing a call from said PSTN 
to said mobile station comprising the steps of: 

receiving said call at said ?rst exchange; 
paging said mobile station in at least a part of said 

second exchange coverage area; 
detecting in said third exchange coverage area a page 

response from said mobile station; 
assigning in said third exchange coverage area a voice 

channel to said mobile station; 
detecting in said third exchange coverage area a 

voice channel con?rmation from said mobile sta 
tion; 

sending, in response to the detection of either said 
page response or said channel con?rmation, a rout 
ing number from said third exchange to said ?rst 
exchange; and ' 

routing said call from said ?rst exchange to said third 
exchange using said routing number. 

16. The method of claim 15 wherein said mobile sta 
tion is associated with a home exchange which main 
tains location information on said mobile station, and 
said method further comprises the step of sending a 
location update from said third exchange to said home 
exchange. 

17. The method of claim 15 wherein said routing 
number is used to route the call through said PSTN. 

18. A mobile communications system in which at 
least one mobile station may roam, said system compris 
mg: 

a home exchange of said at least one mobile station; 
at least one visited exchange having a coverage area 

in which said mobile station may roam; 
an interrogation exchange for receiving incoming 

calls for said mobile station; 
private data lines connecting said home, visited and 

interrogation exchanges for passing signals there 
between; 

PSTN communications lines connecting said interro 
gation and visited exchanges; 

means for obtaining information as to the anticipated 
location of the called mobile station; 

means responsive to the receipt of an incoming call 
for said mobile station by said interrogation ex 
change for paging the called mobile station in at 
least one of a plurality of locations based upon said 
anticipated location information; 

means at each of said plurality of locations for receiv 
ing a page response from the paged mobile station; 

means at each of said plurality of locations and re 
sponsive to receiving a page response from the 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

12 
paged mobile for designating to said mobile a voice 
channel to which to tune; 

means responsive to receiving an indication at one of 
said plurality of locations that said mobile has 
tuned to a designated voice channel and is waiting 
on said voice channel for sending information iden 
tifying the explicit location of the called and wait 
ing mobile to the interrogation exchange via said 
private data lines; and 

means responsive to receipt of information identify 
ing the explicit location of said mobile for routing 
the call for said mobile via said PSTN communica 
tions lines from said interrogation exchange to the 
exchange in which said mobile station is located 
and waiting on a voice channel. 

19. A mobile communications system as set forth in 
claim 18 wherein said paging means also includes: 
means for issuing a paging request to a ?rst exchange 
and said ?rst exchange is said home exchange. 

20. A mobile communications system as set forth in 
claim 18 wherein said paging means also includes: 
means for issuing a page request to a ?rst exchange 
and said ?rst exchange is a visited exchange. 

21. A mobile communication system as set forth in 
claim 18 wherein the called mobile is paged in said 
plurality of different locations simultaneously. 

22. A mobile communication system as set forth in 
claim 18 wherein the called mobile is paged in said 
plurality of different locations sequentially. 

23. A mobile communications system as set forth in 
claim 18 wherein said paging means also includes: 
means for issuing a page request to a ?rst exchange; 
and 

means within said ?rst exchange for requesting other 
exchanges in an extended paging area to page the 
mobile. 

24. A mobile communications system as set forth in 
claim 18 wherein said paging means also includes: 
means for issuing a page request to a ?rst exchange; 
and 

means within said ?rst exchange for causing said 
home exchange to request other exchanges in an 
extended paging area to page the mobile. 

25. A mobile communications system as set forth in 
claims 23 or 24 wherein the extended paging area cov 
ers the home exchange. 

26. A mobile communications system as set forth in 
claims 22 or 24 wherein the extended paging area cov 
ers a plurality of cooperating exchanges. 

* * * * * 
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